Nephron segment and cell-type specific expression of gangliosides in the developing and adult kidney  by Holthöfer, Harry et al.
Kidney International, Vol. 45 (1994), pp. 123—130
Nephron segment and cell-type specific expression of
gangliosides in the developing and adult kidney
HARRY HOLTHOFER, JUKKA REIVINEN, and AARO MIETTINEN
Department of Bacteriology and immunology, University of Helsinki, Helsinki, Finland
Nephron segment and cell-type specific expressIon of gangliosides in the
developing and adult kidney. Despite the increasing knowledge of the
role of gangliosides in normal and diseased tissues, little is known of the
presence, distribution and functions of these molecules in the kidney. In
this study we analyzed the main gangliosides of isolated glomeruli and
cortical, medullary and papillary fractions of the human, rat and bovine
kidneys biochemically. In addition, we used immunohistochemistry to
visualize the distribution of GM1/GM2, 0D2, GD3 and 0-acetyl GD3
gangliosides along the nephron. Furthermore, we explored the species
specific expression of gangliosides by comparing those from the rat,
bovine and human kidney, and studied the pattern of ganglioside
expression during development. In glomeruli, cortical tubuli, medullae
and papillae, a relatively simple pattern of main gangliosides was
observed as revealed by thin layer chromatographic (TLC) analysis in
each species studied. Furthermore, considerable changes in the glomer-
ular gangliosides during maturation were observed, with a complex type
of gangliosides predominating during the fetal age and with a preference
to more simple precursors upon maturation. Interestingly, the immu-
nohistochemical detection revealed a distinct pattern of ganglioside
compartmentation to various nephron segments or cell types. These
findings provide a basis for studying the role of segment- and cell
type-specific gangliosides for local functions.
Acidic glycosphingolipids with sulphate residues 'sulphati-
des") or with sialic acids ("gangliosides") are ubiquitous mol-
ecules of all vertebrate cells localized mainly in the outer leaflet
of plasma membranes [1—3]. Acidic glycolipids are particularly
abundant in the kidney: only brain tissue contains more sulfati-
des and gangliosides per weight unit than the kidney [31.
Gangliosides are known to be important in cell-to-cell and
cell-to-substratum adhesion [1, 4, 5]. Furthermore, gangliosides
are involved in the network of processes leading to cellular
differentiation and oncogenesis, and are associated with growth
factor receptors [4, 6—8] and intracellular signal transduction
pathways as well [7, 9]. However, little information is available
on renal ganglioside types and compartmentation within various
functional domains of the nephron [31 and of their participation
in specific renal functions. Our recent results and those of
others [10—13] have revealed a strict cell-type specificity of
some gangliosides within the glomeruli of the rat and human
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kidney [10—13]. Furthermore, specific gangliosides appear to be
involved in the differentiation of the metanephric mesenchyme
of the mouse, as the results of Sariola et al [14] showed that the
epithelial differentiation of mouse metanephric mesenchyme
and the branching of ureter can be inhibited in vitro by
antibodies to GD3 ganglioside. These findings suggest crucial
regulatory roles for gangliosides in the kidney, too.
The aim of the present study was first to examine the
distribution of the most abundant gangliosides along the
nephron by immunohistochemistry and by biochemical meth-
ods. Second, we wanted to study whether major species-
specific differences can be seen in the ganglioside expression
along the nephron. Third, we wanted to study whether the main
gangliosides undergo differentiation-stage dependent changes
from the fetal to adult kidneys. These data could provide a new
approach to study abnormal functions and aberrant differenti-
ation of the nephrons [15, 16].
Methods
Kidney tissues and glomerular isolation
The methods for isolation and culture of rat, bovine and
human glomeruli were essentially those described earlier [16,
17]. Briefly, for rat kidneys, six male or female Sprague-Dawley
rats (Department of Bacteriology and Immunology, University
of Helsinki) of 75 to 100 g were anesthesized by diethylether,
kidneys removed, and placed in ice-cold Dulbecco's minimal
essential medium (DMEM, Gibco Biocult, Paisley, UK). Fetal
bovine kidneys of estimated three to four months of pregnancy,
kidneys of a two-week-old calf, and of a four-year-old adult cow
were obtained within 10 minutes of slaughtering at a local
slaughterhouse, and placed in ice-cold DMEM for transporta-
tion and further processing as described below.
Samples of normal human kidney were obtained either from
kidneys removed for renal transplantation but rejected due to
vascular anatomic reasons (IV Department of Surgery, Umver-
sity of Helsinki), or from nephrectomies due to a renal carci-
noma at the opposite pole of the kidney. As above, the removed
human kidneys were transported without delay for further
processing.
The renal capsules were removed, the cortex was separated
with scissors, and several tissue samples were taken from
cortex, medulla, and from the macroscopically identified tips of
papillae. These samples were further processed for ganglioside
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extraction (see below) or for immunohistochemistry by snap-
freezing the tissue in isopentane cooled with liquid nitrogen and
stored at —70°C until used.
The rest of the cortical mass was finely minced with a razor
blade to a homogenous mass, and glomeruli were isolated by a
sieving technique [17, 18]. For this, the mass was pushed
through sieves of 150 jm and 105 tm (for the rat), 250 pm and
150 pm (for bovine and human samples) pore size, and subse-
quently washed from 75 m pore size sieve. The isolate thus
obtained was screened under direct microscopy for purity; only
isolates enriched to 95% pure glomeruli were accepted. The
material washed through the 75 pm sieve was similarly
screened and sedimented to rid the remaining glomeruli, and
was used as "cortical cells without glomeruli" for the ganglio-
side analysis.
Immunofluorescence microscopy
For indirect immunofluorescence microscopy, the frozen
tissue samples were cut at 3 m from rat, bovine or human
kidney cortical or medullary samples and fixed in —20°C
acetone or 3.5% paraformaldehyde in phosphate buffered saline
(PBS, pH 7.2). After washing, monoclonal antibodies to GD3
ganglioside (clone R24; Biogenesis Inc., Bournemouth UK)
were used at a dilution of 1:50 in PBS, to 0-acetyl GD3 (clone
27A; 13) at 1:50 or to GD2 ganglioside (Behringwerke, Marburg,
Germany) at 1:20 in PBS were flooded on the sample for 30
minutes at 20°C. To detect GM1 and GM2 gangliosides, tetanus
toxin affinity to these molecules was used, by incubating the
tissue sections with the C-subunit of tetanus toxin (Calbiochem,
La Jolla, California, USA), and the bound toxin detected with
rabbit anti-toxin antibodies (Calbiochem). After thorough wash-
ing, fluorescein isothiocyanate (FITC) coupled anti-mouse or
anti-rabbit IgG (Serotec, Oxford, UK) were used as second
antibodies. After thorough washes the samples were mounted
in a nonfading mounting medium. A Zeiss standard microscope
equipped with a filter system for FITC fluorescence was used.
To verify tissue reactivity of the antibodies with lipids,
pretreatment of the tissue sections with methanol or ethanol,
instead of fixing in paraformaldehyde or acetone were per-
formed as described above. Furthermore, pretreatment with
Vibrio cholerae neuraminidase (Behringwerke; 0.01 U/mi) at
37°C for 30 minutes before staining for R24 or 27A antibodies
was done. Also, to recover possible cryptic epitopes, unlixed
sections were pretreated with 0.2% trypsin (Sigma Chemical
Company, St. Louis, Missouri, USA) in 37°C for 30 minutes
before incubation with the antibodies or tetanus toxin.
Isolation and purjfication of gangliosides
To extract gangliosides, the methods described previously
were used [13]. Briefly, medullary or papillary tissues, "cortical
cells without glomeruli" or isolated glomeruli (see above) were
homogenized in 3 vol of water at 0°C, 15 vol of chloroform!
methanol (1:2 by vol), and the mixture was agitated 30 minutes
at room temperature. After a repeated extraction with chloro-
form/methanol!0.25% aqueous KC1 (5:10:4 by vol), the super-
natants were combined and partitioned according to Foich,
Lees and Sloane-Stanley [19], and the upper phase containing
gangliosides was collected, evaporated to dryness and further
dissolved into a small amount of water. The material was then
desalted by Cl8-Sep-Pac cartridges (Waters Assoc., Milford,
Table 1. Ganglioside structures identified in this study, including the
glycan residues and glycosidic linkages between the residues
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Ganglioside GM1 consists of residues (circled numbers) ito 5; GM2:
1, 2, 3, 4 and 6 (GML/GM2 identified by tetanus toxin binding); GD2
consists of residues 1, 2, 3, 4, 6 and 7; GD3: 1, 2, 3, 6, 7 (identified by
R24 antibodies). 27A antibodies identify the GD3 ganglioside with an
0-acetyl group in either residue 6 or 7.
Abbreviations are: Gic, glucose; Gal, galactose; GalNac, N-acetyl
galactosamine; NeuAc, N-acetyl neuraminic acid (sialic acid).
Massachusetts, USA) and evaporated to dryness. Extracts
from human kidney fractions were further chromatographed on
a small (3 ml bed volume) DEAE-Sephadex A-25 column,
equilibrated with chloroform!methanollwater (30:60:8) to fur-
ther purify the ganglioside fraction. The neutral glycolipids
were eluted with 40 ml of chioroform!methanol'water (30:60:8
by vol) and the gangliosides with 50 ml of chloroform!methanol/
0.8 M aqueous sodium acetate (30:60:8 by vol) and desalted with
C18-Sep-Pac cartridges.
Thin layer chromatography
The gangliosides were separated on thin layer chromatogra-
phy plates (TLC) using chloroform/methanollo.25% aqueous
KC1 (50:40: 10) as the solvent. The hexoses were stained with
orcinol/H2S04-reagent. As standards, we used a ganglioside
mixture isolated from rat brain tissue supplemented with GM3,
GM2 and GD3 [13].
For densitometric analysis of the relative intensities of the
respective ganglioside lanes of the TLC plates, Hoefer Scan-
fling Densitometer (model GS-300; Hoefer Scientific Instru-
ments, San Francisco, California, USA) equipped with the
GS-370 Electrophoresis data analysis system (Hoefer) was
used.
Results
Distribution of gangliosides in kidney
By indirect immunofluorescence microscopy using specific
antibodies to GD3 (clone R24) and to 0-acetyl GD3 gangliosides
(clone 27A) (Table 1), a restricted distribution of these antigens
only to some parts of the nephron could be observed in each
species studied. Antibodies to GD2 failed to react with human
or bovine kidneys, but stained some cells in the medullary
tubules of the rat kidney. GM1/GM2 gangliosides, as detected
by binding of the C subunit of tetanus toxin and specific
anti-toxin antibodies, could not be seen in any nephron seg-
ments in the species studied. Instead, GM1/GM2 were found in
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Fig. 1. Section of adult rat kidney stained with anti-GD3 antibodies. Reactivity is seen only in glomeruli. X 140.
Fig. 2. Rat kidney stained with anti-O-aceiyl GD3. Strong granular staining of glomeruli giving an epithelial-like pattern is seen. x 280.
Fig. 3. Medullary area of adult bovine kidney stained for GD3 shows reactivity of the apical and basolateral aspects of only some tubuli (X 280).
Fig. 4. Section of adult bovine kidney stained for 0-acetyl GD3 shows reactivity of only some cells of the juxtaglomerular apparatus. 0,
glomerulus. x 360.
Fig. 5. Fetal bovine kidney, staining for GD3. Granular glomerular reactivity, and especially strong staining of the parietal glomerular epitheium
and of the collecting ducts are seen. x 280.
Fig. 6. Fetal bovine kidney stained for 0-acetyl GD3 reveals strong reactivity of most tubuli and of the parietal glomerular epithelium, whereas
other glomerular structures are negative. x 280.
some peritubular and blood cells as well as in nerve fibers in the previous immunoelectron microscopic results have shown that
human kidney. the 0-acetylated GD3 antigen is specific for podocytes in
In the rat kidney, both R24 and 27A antibodies brightly glomeruli [12, 20], Its precursor GD3 was additionally found in
decorated all glomeruli (Figs. 1 and 2) in a similar pattern. Our some tubular profiles of the inner medulla and in urothelial
t
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Fig. 7. Adult human kidney stained with anti-GD3 antibodies. Cells of the juxtaglomerular apparatus extending as a granular reactivity to the
parietal epithelium and towards glomerular mesangium appear positive. x 360.
Fig. 8. Adult human kidney after staining with an:i-O-acetyl GD3 shows reactivity in the juxtaglomerular apparatus. X 360.
epithelium, but not in other segments of the nephron. 0-acetyl
GD3 epitope was found outside glomeruli only in the urothelial
epithelium. The tissue reactivity of the antibodies was lost after
Table 2. Immunohistochemical distribution of GM1/GM2, GD2, GD3
and 0-acetyl GD3 gangliosides along the rat, bovine and human
nephrons
GMI/GM2 GD2 GD3 0-acetyl 0D3
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— — + +
glom — — — —
prox
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—
—
— —b —+b
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Abbreviations are: glom, glomerulus; prox, proximal tubulus; dist/
CD, distal tubuli and collecting ducts; med, medullary profiles, mostly
collecting ducts; pap, papillary profiles. —, + and ++ denote no, faint
and strong reactivity, respectively.
a In single cells
b Preferentially in the juxtaglomerular cells
pretreatment in methanol or ethanol, but was stable when fixed
in paraformaldehyde or acetone, suggesting that these antibod-
ies identify only polar lipid antigens in the kidney.
Neuraminidase treatment of the tissue sections prior to
antibody stainings abolished 27A and R24 positivity, showing
that sialic acids are crucial determinants for the antibodies.
Trypsin pretreatment of tissue sections, performed in an at-
tempt to recover cryptic reactivity of the ganglioside epitopes,
especially that of GD2 and GM1/GM2, failed to cause any
changes to reactive sites or intensity of the respective antibody
reactivity.
In the adult bovine kidney, GD3 ganglioside was found
strictly in the juxtamedullary areas, and in the cortical and
medullary collecting ducts (Fig. 3) in the basolateral and apical
aspects of the cells. 0-acetyl GD3 was also seen in the cells of
the juxtaglomerular apparatus (Fig. 4) and in some medullary
profiles of collecting ducts. Remarkably different patterns of
GD3 and 0-acetyl GD3 were observed in the fetal and newborn
bovine kidney. In the fetal kidney, strong reactivity of R24 was
seen in the renal vesicles, in tubuli and especially in the
branches of the ureter (Fig. 5). In the developing glomeruli the
epithelial cells at the lower crevice of the S-shaped body were
brightly positive for GD3, but in the later stages of glomerular
differentiation, the glomerular reactivity decreased strongly,
and in the calf kidneys, only faint irregular staining at the
juxtamedullary pole was seen. In the medulla of fetal bovine
kidneys, distinct reactivity of R24 antibodies in profiles of the
distal nephron extending to the papilla was seen. At all stages
the cells of the undifferentiated metanephric mesenchyme were
negative for GD3.
0-acetyl GD3 as detected by 27A antibodies was found in the
distal nephron and especially in the epithelial cells of the ureter.
At the vesicular stage of glomerulogenesis, granular staining
was found in some cells of the renal vesicle. At the S-shaped
body and later stages of glomerular differentiation, 0-acetyl
GD3 disappeared gradually from the glomerular cells (Fig. 6),
and in mature glomeruli this ganglioside could only be seen in
the juxtaglomerular areas. Profiles of the distal nephron simi-
larly expressed 0-acetyl GD3 in the medulla of the fetal bovine
4..0 t
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Fig. 9. Thin layer chromatogram of rat
kidney gangliosides stained for hexoses,
Lanes 1 and 6 are ganglioside standards, lane
2 glomerular, lane 3 cortical tubular, lane 4
medullary and lane 5 papillary gangliosides.
Note the relatively few ganglioside bands
identified especially in the cortical fractions.
Star denotes 0-acetyl GD3 ganglioside.
1 2 3 4 5 6
kidneys, but no reactivity was seen in the cells of the meta-
nephric mesenchyme. In newborn calf kidneys, the distribution
of 0-acetyl GD3 closely resembled that of the adult bovine
kidney.
In the human kidney, GD3 expression was found preferen-
tially in the juxtaglomerular areas as previously shown by
Dippold et a! [101, but in some kidneys also faint staining was
seen in the glomerular mesangium (Fig. 7). Instead, 0-acetyl
GD3 seemed to be present only in the cells of the juxtaglomer-
ular apparatus (Fig. 8) and in occasional blood cells. No GD3 or
its 0-acetylated derivative could be detected in the medulla or
papilla of human kidney.
Results of the immunohistochemical distribution of the renal
gangliosides are summarized in Table 2.
Biochemical analysis of renal gangliosides
To analyze the gangliosides of the various segments of the
nephron, we isolated cortical kidney fractions enriched in tubuli
or glomeruli, as well as medullary and papillary fractions.
By TLC separation and hexose staining of the gangliosides
extracted from the various parts of the kidney, the main
gangliosides in each species were visualized (Figs. 9—13). In the
rat kidney glomeruli (Fig. 9, lane 2), the major ganglioside
bands migrated between the GM3 and GDla standards, one of
which (between GM! and GM2; marked with an asterisk) has
previously been identified as 0-acetyl GD3. Major gangliosides
migrating slower than the GD3 standard were not detected.
Gangliosides from the cortical tubules closely resembled those
of the glomeruli (Fig. 9, lane 3). In addition to the more
complex, slower migrating gangliosides, medullary and papil-
lary fractions of rat kidney were rich in gangliosides comigrat-
ing with GM! and GM2 (Fig. 9, lanes 4 and 5).
In the human kidney, a similarly distinct pattern of only a few
ganglioside bands in different kidney fractions was observed
(Fig. 10) differing from those of the rat (Fig. 9) and bovine (Fig.
11) kidney. In cortical tubules, the major gangliosides migrated
between GM3 and GD1a standards.
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Fig. 10. Thin layer chromatogram of adult human kidneys. Lane 1
ganglioside standards, lane 2 cortical tubular, lane 3 medullary and lane
4 glomerular gangliosides.
Gangliosides extracted from glomeruli, cortical tubuli, me-
dulla and papilla from adult, newborn and fetal bovine kidneys
showed a pattern differing from those of the human and rat
kidney. During development a considerable increase in glomer-
ular GM3 ganglioside (fraction "a" in Fig. 1!) and a simulta-
neous decrease of the ganglioside migrating between GM 1 and
GM2 (designated "b" in Fig. 11) was noted (Fig. 11, lanes 2, 3,
4). This pattern corresponds to the change seen by immunoflu-
orescence: GD3 and 0-acetyl GD3 are abundant in developing
glomeruli but not in mature glomeruli. A similar increase of
structurally more simple gangliosides was seen in both cortical
(Fig. 12) and medullary (Fig. 13) gangliosides.
A summary of the relative intensities of bovine kidney
gangliosides during development is presented in Table 3.
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1 2 3 4
Fig. 11. Glomerular gangliosides of fetal (lane 2), newborn (lane 3)
and adult (lane 4) bovine kidneys show a shift to more simple ganglio-
sides during maturation as revealed by densizometric analysis (Table
3). Brackets in each lane show the areas analyzed by densitometry of
the respective bands. Lane 1 shows ganglioside standards.
1 2 3 4
Fig. 13. Medullary tubuli of fetal (lane 2), newborn (lane 3) and adult
(lane 4) bovine kidneys analyzed for gangliosides by thin layer chroma-
tography. Brackets in each lane indicate areas analyzed by densitom-
etry (compare with Table 3).
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Fig. 12. Cortical tubuli of fetal (lane 2), newborn (lane 3) and adult
(lane 4) bovine kidney gangliosides analyzed by thin layer chromatog-
raphy. A shift to :aster migrating simple gangliosides is obvious by
densitometric analysis (Table 3). Brackets indicate areas used for
densitometric analysis of each lane. Lane 1 indicates ganglioside
standards.
Discussion
Our previous results and those of others have revealed a
cell-type specific expression of GD3 and O-acetyl GD3 gangli-
osides within the glomerulus and the juxtaglomerular apparatus
[10, 12, 13]. In addition, our preliminary results indicated that
distinct changes in the glomerular gangliosides are associated
with some experimental models of nephrosis [21]. Yet there is
little information of the precise role of gangliosides as well as of
their detailed distribution pattern in the nephron, although
gangliosides are particularly abundant in the kidney, and stud-
ies in other organ systems have indicated a crucial, cell-type
specific role for these molecules in cell communication [1, 3].
The results revealed a relatively simple pattern of the main
gangliosides in the various segments of the nephron and in each
species studied. In agreement with these, the findings in immu-
nohistochemistry clearly showed the segment and even cell-
type specificity in the distribution of gangliosides. In this
respect the expression of GD3 and 0-acetylated GD3 especially
in the podocytes of the rat glomeruli and in the cells of the
juxtaglomerular apparatus of the human and bovine kidneys are
noteworthy. These results suggest that gangliosides may be
involved in local functions in a species-specific way. Interest-
ingly, GD3 and 0-acetyl GD3 were both found in early stages of
glomerular development in the bovine kidneys by immunohis-
tochemistry, but were subsequently decreased from glomeruli
along with further morphologic maturation and appeared to be
replaced by more simple precursors. Similar to these findings, a
shift to more simple precursor gangliosides has been noted in
developing neurons [8, 22]. Our earlier studies and those of
others have revealed a segment, cell-type and developmental
stage specificity of the renal glycoconjugate expression, as
demonstrated by lectin binding and by monoclonal antibodies
[23—25]. Whether the lectin reactivities are due to binding to
ganglioside glycans remains to be determined.
Tissue- and cell type-specific heterogeneity of the fatty acid
portion of gangliosides have been described [2]. Furthermore,
modulation of ganglioside sugars including sulfation, lactoniza-
tion and 0-acetylation of the hydroxyl groups are commonly
found in some tissues. All these modifications cause shifts in the
TLC mobilities of the gangliosides as compared to the non-
modified standards [26, 27]. Consequently, conclusive identifi-
cation of each ganglioside band from TLC plates would require
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TabLe 3. Developmental changes in the main gangliosides of bovine kidney
Relatiye amounts of the three main ganglioside bands of
Adult kidney Calf kidney Fetal kidney
"a" "b" "C""a" "b" "c" "a" "b" "c"
Papillary fraction
Medullary fraction
Cortical tubuli
Glomeruli
100
100
100
100
47.2
37.2
16.3
16.5
78.4
38.9
88.1
68.0
100
100
100
100
52.4
33.4
22.9
18.7
73.1
42.6
52.4
97.5
100
100
100
100
114
119.7
77.5
93.5
106.5
81.4
92.5
128.9
Densitometric values are normalized to band "a" comigrating with GM3 (100%). For identification of the "a", "b" and "c", see Figs. 11, 12
and 13.
their isolation and analysis by mass spectrometry or, alterna-
tively, identification of the modified gangliosides by specific
antibodies. The results of this study showed, that even if
neglible tissue reactivity was observed for GD2 and GM1/GM2
in immunohistochemistry, traces of those gangliosides could
still be detected on TLC. This apparent controversy may be due
to the amount and exposition of the respective epitopes on the
tissue sections, since gangliosides constitute only a fraction of
molecules projecting from the cell surface and, moreover, they
may remain cryptic under the mostly longer glycan side chains
of glycoproteins [1]. However, we could not recover tissue
reactivity of GM1/GM2 or GD2 by commonly used methods of
revealing cryptic sites. In TLC analysis the gangliosides are
vastly concentrated and without interfering proteins, which
thus facilitates their detection. Thus, it seems warranted to
conclude that antibodies may detect only abundant and cor-
rectly oriented epitopes from the tissue sections.
Previously, extracts of total glycolipids from human and
bovine kidney homogenates and separately from cortical and
medullary tissue have been reported [2, 28—30]. The previous
studies have, however, failed to provide data on the distribution
of gangliosides in different segments of the nephron. Thus, it
was of interest to note the strict nephron segment and cell-type
specificity of especially GD3 and its 0-acetylated ganglioside
derivative within the rat glomerulus and along the nephron of
the bovine and human kidney. The synthesis of gangliosides
involves stepwise addition of saccharide residues to a ceramide
backbone by specific transferases [27]. Also, the various mod-
ifications of the sugar chains are caused by specific enzymes.
Thus, the more restricted (or preferential) distribution of the
0-acetylated variant of GD3 than GD3 itself in some cell types
reflects activities of specific 0-acetyl transferases (or lack of
de-O-acetylating activity) in these cells. This could serve at
least two known purposes. First, as 0-acetylation of ganglio-
sides is considered important for stabilization of the ganglioside
structure [26], for example, against locally secreted or bacterial
sialidases, glomerular 0-acetylation may be necessary for the
stability of this molecule in podocytes and may be related to
stabilization of the highly anionic (sialylated) coat of podocytes
and thus may be directly involved in maintenance of the
electrostatic filtration barrier of glomeruli. Second, 0-acetyla-
tion directly influences complement activation [311 so that a
decreased 0-acetylation renders cells more susceptible to com-
plement mediated lysis. It is noteworthy that complement
receptors as well as various components of the complement
cascade are produced within glomeruli [18], and thus abundant
0-acetylated GD3 as reflected by 27A positivity in podocytes
might be associated with regulation of local complement acti-
vation.
A recent study by Nayak et al [32] showed that an antibody
designated 3G5 reacts with glomeruli of the rat kidney, and
resembles in its staining pattern both 27A and R24 antibodies.
Although the exact epitope identified by 3G5 antibodies has not
been reported, Nayak et al [32] showed that this antibody
apparently detects a disialoganglioside resembling 27A in its
TLC mobility. The 3G5 antibodies also react with bovine and
human glomeruli as well as with cultured tubular cells of the
bovine kidney.
The urine is a rich source of gangliosides [3] and, in fact,
various gangliosides have first been identified from the urine
[33]. They may derive from blood, be actively secreted from the
nephron, or "leak" from the respective nephron sites. There is
good evidence that urinary gangliosides have a role in prevent-
ing bacterial binding as the first step of ascending urinary tract
infections [34, 35]. Thus, the urinary and cell surface ganglio-
sides along the nephron could, in addition to their specific local
roles, serve as a defence mechanism against invading microbes.
On the other hand, many microbial toxins and microbes them-
selves use gangliosides as their cell surface receptors.
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